Different anesthetic sensitivities of skeletal and cardiac isoforms of the Ca-ATPase.
We have previously shown that low levels of the volatile anesthetic halothane activate the Ca-ATPase in skeletal sarcoplasmic reticulum (SR), but inhibit the Ca-ATPase in cardiac SR. In this study, we ask whether the differential inhibition is due to (a) the presence of the regulatory protein phospholamban in cardiac SR, (b) different lipid environments in skeletal and cardiac SR, or (c) the different Ca-ATPase isoforms present in the two tissues. By expressing skeletal (SERCA 1) and cardiac (SERCA 2a) isoforms of the Ca-ATPase in Sf21 insect cell organelles, we found that differential anesthetic effects in skeletal and cardiac SR are due to differential sensitivities of the SERCA 1 and SERCA 2a isoforms to anesthetics. Low levels of halothane inhibit the SERCA 2a isoform of the Ca-ATPase, and have little effect on the SERCA 1 isoform. The biochemical mechanism of halothane inhibition involves stabilization of E2 conformations of the Ca-ATPase, suggesting direct anesthetic interaction with the ATPase. This study establishes a biochemical model for the mechanism of action of an anesthetic on a membrane protein, and should lead to the identification of anesthetic binding sites on the SERCA 1 and SERCA 2a isoforms of the Ca-ATPase.